At wo-stage model predicts recruitment of the 100 species which account for 97% of all recruitment observed on 217 permanent sample plots in the tropical rainforest of north Queensland. The first stage predicts the probability of the occurrence of anyrecruitment from stand basal area and the presence of that species in the existing stand. These probabilities can be implemented stochastically,ordeterministically by summing for each species until unity is reached, recruitment initiated and the accumulated probability reset.
Introduction
Growth models may neglect the simulation of regeneration because of a lack of data, difficulty of modelling, or because it is considered unnecessary as silviculture involves clearfelling and replanting.
However, natural regeneration forms an essential component of selection harvesting systems used in rainforest management, and long term yield forecasts must takeaccount of the presence and amount of this regeneration.
Ar eviewo ft he literature indicates twoa pproaches to predicting regeneration and recruitment.
Regeneration models predict the development of trees from seed or seedlings. As suitable data for modelling regeneration are difficult to obtain, manym odels predict recruitment rather than regeneration.
Recruitment models predict the number of stems reaching or exceeding some specified nominal size limit (e.g. 1.3 m height, 3 m height, 10 cm d.b.h.o.b., etc.). Recruitment models may employas tatic approach which predicts a constant amount each year irrespective ofstand condition, or may be dynamic and respond to stand condition.
Static approaches to the prediction of recruitment assume that the amount of recruitment observed during the period of data collection reflects the long term average, and that this amount will not vary greatly between projection periods predicted by the model. Such assumptions of static recruitment are common in stand table projection and matrix approaches. Usher's( 1966) matrix model for Scots pine predicted recruitment as a static proportion of the number of trees in the larger size classes and thus recruitment increased as stand density increased. More realistic matrix approaches may predict recruitment diminishing with increasing stand density (e.g. Buongiorno and Michie 1980) , or only after the death of another tree (e.g. Bosch 1971) . Although these approaches are rather empirical, theym ay provide useful estimates of recruitment for stands which do not differ greatly from the source stands used for model development.
Other approaches attempt to predict the number of stems recruited as a function of stand condition. These vary from the highly empirical to those that model some simple biological hypothesis. Letourneau (1979) used an empirical approach with 33 estimated parameters to predict numbers of stems, and accounted for time between remeasures in estimating size of recruits. Landford and Cunia (1977) predicted total number of recruits (at 4 inches diameter) deterministically,b ut the size and species stochastically.B oth these models used estimates of sapling density (numbers of stems in the 1, 2 and 3 inch d.b.h. size classes) in Va nclay,Page 3 their equations and this estimate was assumed to remain constant through time; as saplings were recruited, newr egeneration was assumed to taket heir place. This limits the utility of the model for extrapolating inventory data, as such data (sapling density) may not be recorded during operational inventory. Hann (1980) predicted recruitment with an exponential function of site index, stand basal area, and basal area in the smallest size class. His simulation cycle was fiveyears, and this ensured a realistic five-year lag in the appearance of recruitment stimulated by the reduction in stand basal area following logging.
Va nclay (1989a) predicted the total amount of recruitment at 20 cm diameter in tropical moist forests in north Queensland as a linear function of stand basal area and site quality.T he composition of this recruitment was determined by predicting the proportion in each of fives pecies groups, and standardizing the proportions. The proportion for each species groups was predicted from the stand basal area, the site quality and the basal area of that species group (e.g. for the large, fast-growing species):
where BA is total stand basal area (m 2 /ha), B 1 is the basal area of group 1 species (m 2 /ha), and SQ is the growth index. These proportions were standardized to ensure theysummed to unity: et al. (1972) established an ecological approach to modelling recruitment at 0.5 cm diameter on their ten metre square plots. Theya ssumed that a seed source was available for each of the major species considered by their model, and compiled a list of possible species for the plot being modelled, on the basis of shade tolerance, growing season and soil moisture. If the plot leaf area index( LAI) was less than a specified threshold, 60 to 75 cherry trees were recruited on the plot. If the plot LAI exceeded the first threshold, but was less than a second larger threshold, some (0-13) birches were recruited. If the plot LAI exceeded both these thresholds, a random choice of the remaining suitable shade tolerant species was made, and a random number (0, 1 or 2) of each species was recruited. Shugart and West (1977) followed a similar approach, but identified the requirements of each species for mineral soil or leaf litter,introduced stochastic elements of variable weather and animal browsing, and also modelled sprouting from dead trees. They recruited trees when theyr eached breast height. Similar succession models exist for subtropical rainforest in Australia (Shugart et al. 1980) and tropical rainforest in America (Doyle 1981) . Reed (1980) followed an approach somewhat similar to Botkin et al. (1972) , but introduced alternate seed-years and ''off-years''
and imposed a maximum stocking of 2500 stems per hectare, irrespective ofs ize, above which no recruitment could occur.
One of the difficulties in modelling recruitment is the great variability in regeneration. Stand condition accounts for some of this variation, periodicity of mast years and prevailing climate accounts for some, but regeneration remains a rather stochastic process, providing difficulties for efficient model estimation. Much of the variability associated with regeneration is due to the fact that during anyp eriod some regeneration may or may not occur,and that if the data are partitioned into a two-state system, the ability to predict the amount of regeneration is greatly enhanced. With a two-state approach, the first equation estimates the probability that some regeneration or recruitment will occur,and can be estimated using logistic regression with presence/absence as the dependent variable. The second stage is a conditional function to predict the amount of recruitment, givent hat some is known to occur,a nd can be estimated using ordinary linear regression. Hamilton and Brickell (1983) gav e an example of such a two-stage approach applied to the prediction of defective volume in standing trees, which can be applied equally well to modelling recruitment. Stage and Ferguson (1982) and Ferguson et al. (1986) used a two-stage approach to predict recruitment in the Prognosis model (Stage 1973 , Wykoff et al. 1982 . Theyu sed a stochastic procedure to predict the regeneration on 50 subplots each 1/300 acre (about 0.001 ha), and these data were aggregated into the main Prognosis model at 10 and 20 years after disturbance. Theyp redicted the probability that some regeneration would occur using environmental variables (habitat, slope, aspect, elevation), distance to seed source, residual basal area and time since disturbance. Giventhat regeneration is known to occur,the expected number of trees is determined using pseudo-random numbers, and determines the number of cohorts for that subplot. The number of species present, and the identity of these species were also stochastically determined. Height of regeneration is deterministically predicted. The model considers three categories of regeneration: ''best''t rees comprising the tallest twot rees per plot regardless of species, the tallest tree of each additional species present, and the tallest four of anyr emaining trees. Best trees were assumed to be advance growth of shade tolerant species if established three years prior to disturbance.
Regeneration within each category was predicted independently,a nd differed considerably in composition (e.g. advance growth was more likely to comprise shade tolerant species).
Some models simulate the growth of trees from seedlings to breast height within a separate ''regeneration model''o r' 'understory operation'' Monserud 1974a,b, Dudek and Ek 1980 ). The approach is sufficiently flexible that almost anys ize may be used as the criterion for recruitment into the main stand. Ek and Brodie (1975) simulated only suckers developing after logging (predicted from stand basal area before and after logging, site indexa nd treatment), but manym odels simulate the development of regeneration throughout the development of the stand. Modelling may start at anyo fan umber of stages. Leak (1968) modelled regeneration from the stage of flower development, Ek and Monserud (1974a,b) from seed fall. Germination could equally well be considered, and Vanclay (1988) started with ''establishment''w hen the seedling has survivedi ts first year after germination. An advantage of the approach is that it realistically models the time taken for regeneration to be recruited following a reduction in stand density due to logging. Recruitment models which employa ne xpression of stand density may lead to overestimates of recruitment in the projection period immediately following logging.
Va nclay (1988) predicted the amount of established one-year-old regeneration in Callitris forest from stand basal area and site quality.R egeneration was modelled as cohorts representing height classes until it reached breast height, when it was recruited to the main model. Am aximum of ten cohorts were employed. Under ideal conditions (good sites with lowstocking), these cohorts represented annual flushes of regeneration. Where regeneration exhibited slower growth and took more than ten years to reach breast height, the most similar cohorts were amalgamated to ensure that the limit of ten cohorts was not exceeded. Ek and Monserud (1974a,b) adopted a more detailed approach to predict recruitment into their stochastic distance-dependent individual tree model. The regeneration model used cohorts representing the number of stems for each species and age in a number of subplots within the main plot being simulated. AM onte Carlo approach selected good, moderate and poor seed years according to the observed frequencyfor each species. Seed and sprout production were estimated for each overstoreytree as a function of its size and the threshold age, and were distributed across the subplots according to the parent tree'sp osition, height and crown width. Germination was predicted as a stochastic function of microsite and canopycoverconditions.
Each year,ag erminant or tree in the understoreym ay die, or survive and attain some height increment (function of cover, species and age). When tree height reached breast height it was recruited into the main model. If atree did not attain this height within a specified time (e.g. 25 years for black spruce), it died. Monserud and Ek (1977) refined this approach, improving the efficiencybyreducing the number of cohorts to be modelled. Theyassumed that understoreytree size was more relevant than tree age, and modelled the development of trees to 7.6 metres height using fiveh eight cohorts of varying size, using the movement ratio approach (see section 6.2). The height increment of the mean tree was predicted from the potential height increment (a function of height and site), overstoreyc ompetition index( ar elative size-distance index), shade tolerance (a function of species and height), and stand density.M onserud and Ek determined that fivec ohorts were required to model the understoreyw ithout compromising accuracy. Such detailed approaches Monserud 1974a,b, Monserud and Ek 1977) may not be warranted for yield prediction models, but may be relevant for models for analysing silvicultural alternativesf or intensively managed stands.
One difficulty with regeneration models is ensuring compatibility with inventory data when the model is used for yield prediction. Inventory data frequently sample only the larger stems (e.g. ≥10 cm d.b.h.), and smaller stems may remain unsampled. Thus there may be some censorship of data. Such problems are more common for regeneration models (which predict regeneration at very small sizes) than for recruitment models which predict recruits at larger diameters (e.g. 10 cm). To avoid this censorship, it is necessary either for inventory to provide a count of the smaller stems, or for a model to predict the likely incidence of such stems from overstoreys tocking. Augmenting such censored data with an ''average''s mall tree distribution for the forest type is preferable to using the unadjusted censored data (Randall et al. 1988) .
Difficulties in obtaining uncensored data during operational inventory limit the utility of regeneration models for yield forecasting. Data concerning regeneration are often not available, or may be unreliable due to inability to reliably identify species of seedlings, whereas recruitment data are always available from permanent sample plots. The germination and initial survivalo fs eedlings in the rainforest is an uncertain phenomenon; vast numbers of individuals and species may germinate but nevera ttain a significant size.
The longer term survivala nd continued growth of these seedlings is much more under environmental control and thus recruitment is more predictable than regeneration. Thus modelling recruitment at some nominal size provides a viable alternative.
Data
The present study concerns the tropical rainforests of north-east Queensland. These forests have been managed for conservation and timber production for more than eighty years (Just 1991) , and prior to their recent inclusion on the World Heritage List, provided a sustained yield of veneer and sawlogs of 60 000 cubic metres per annum (Preston and Vanclay 1988) . The Queensland Department of Forestry (1983) research programme provided a database of 250 permanent sample plots with a measurement history of up Va nclay,Page 7 to forty years. These plots range in size from 0.04 to 0.5 hectares, and have been regularly re-measured (Vanclay 1990). All trees exceeding 10 cm dbh (diameter overb ark at breast height (1.3 m) or above buttressing) were numbered, tagged and measured for diameter.T he plots sample virgin, logged and silviculturally treated forests.
Pairs of consecutive remeasurements (i.e. all non-overlapping intervals) were selected from the database and formatted to provide a data file suitable for input to the statistical package GLIM (Payne 1986 ). Site quality (Vanclay 1989b) could not be estimated for some plots and the omission of these plots left 217 plots for the present study.T hus the data file used for these analyses contained 791 observations of on the incidence and amount of recruitment (at 10 cm dbh) for each species. The file also contained details of stand and site variables such as stand basal area, site quality and soil type.
Species identity is recorded in the database as a three character mnemonic (the Forest Research Branch code) for the great majority of species, but a fewt rees of indeterminate identity were identified only as miscellaneous. However, correct species identification is often difficult in these forests, and routine resource inventory procedures record only the standard trade name (Standards Association of Australia 1983), using a subset of the mnemonics known as the Harvesting and Marketing (H&M) code. Although the H&M code retains the correct identity of most species, several members of a genus may share a common code, as may members of more than one genus with similar timber characteristics. There are also additional non-commercial species simply labelled miscellaneous. As the present study was to develop a recruitment model for operational yield prediction purposes (e.g. Vanclay and Preston 1989), it was appropriate to use the H&M codes. Three hundred of the FRB codes in the data were converted into 238
H&M codes for analysis, and the remaining one hundred with no H&M equivalent were grouped as miscellaneous.
Method
The recruitment data suggest an excessively heteroscedastic distribution, until partitioned for the two-stage modelling approach. Givent hat recruitment is known to occur,e stimation of the amount of recruitment is possible with ordinary least squares multiple linear regression. The probability that anyrecruitment occurs can be estimated with a logistic equation fitted using maximum likelihood estimation techniques. Thus recruitment can be predicted using a two-stage model, with one equation to predict the probability that any recruitment of a givenspecies occurs, and another to predict the amount, giventhat recruitment is known to
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Number of species to model
Of the 239 H&M codes occurring on the permanent sample plots, 213 of these were observed to occur as recruitment on one or more occasions. However, the contribution of individual species to the total recruitment varied greatly.S ixty species accounted for 90% of all recruitment, 80 species for 95%, and 100 species accounted for 97% of all recruitment observed (Figure 1 ). The remaining 3% of recruitment comprised 113 species, all of which offered insufficient data for meaningful analyses of regeneration characteristics. Accordingly,o nly the more prevalent 100 species were included in the recruitment model.
These species were those which were observed as recruitment on nine or more occasions, included a reasonable number of species of both commercial and non-commercial, light-demanding and shade tolerant species, and should provide a reasonable representation of the forest. Simulating the recruitment of these 100 species should provide sufficient precision for yield prediction purposes, provided that simulated ecological consequences are interpreted carefully.
Tw o options exist for recruitment of the remaining 113 species: theym ay be aggregated with the miscellaneous group, or may be ignored. Both options have disadvantages. The less abundant species may have ecological characteristics unliket hose dominating the miscellaneous group, and aggregating these could lead to bias. Similarly,i gnoring this recruitment also leads to bias. In the present study,t heyw ere ignored since theycomprise such a small component of the total recruitment.
Aggregating Species
It is impractical to develop recruitment models for each of these 100 individual tree species, because of the large number of functions that would be required, and because of the paucity of data for manys pecies inhibits the development of reliable relationships. Thus for efficient estimation of recruitment, it is desirable to aggregate these species into several groups. This reduces the number of functions required to a more manageable number,a nd avoids the requirement for specific equations for species with fewd ata.
Such groupings need not form the basis for growth modelling, as simulation models can retain the individual identity of all species (Vanclay and Preston 1989), but are necessary for the estimation of increment, mortality and recruitment functions. Ideally,species should be grouped on apriori grounds, and tests performed to justify the validity of such groupings. This may be possible in temperate forests where there are fewspecies with well documented ecological characteristics, but is unrealistic for the 100 species in the present study.T axonomy (family or genus) may not provide a good guide to the regeneration strategy and other methods based on successional status, seed morphology,e tc. may be rather subjective.
Regeneration is dependent upon stand density and other factors, so a grouping based on average recruitment may be specific to the data set used. Not only is it difficult to resolvew hich species to combine, but it is not clear howmanygroups are required. Meldahl et al. (1985) , Leech et al. (1991) and Vanclay (1991a,b) have examined procedures to resolve these questions. Meldahl et al. (1985) argued that the grouping should reflect the dynamics of growth, and this could be best expressed through the coefficients of a regression equation on diameter increment. They attempted cluster analysis on these coefficients, but found that reasonable results could be obtained only when the regression analysis was constrained to a single explanatory variable. Their best results were obtained using the basal area of trees larger than the current tree as the explanatory variable. Cluster analysis was weighted by the inverse of the significance levelo fs lope parameter,a nd provided twenty clusters from 110 species-type equations. The number of data assigned to each cluster varied greatly,a nd the outcome was subjectively adjusted to provide the final grouping. The adequacyo ffi nal groups was tested by fitting a multiparameter linear function and examining the total (across clusters) residual sums of squares, on the assumption that a better grouping would result in a better fit. Whilst the method provided a grouping of similar elements, it did not provide a unique solution. Leech et al. (1991) used aB ehrens-Fisher analogue of Hotelling's T 2 to group 27 species for volume equation estimation. Theyu sed a polynomial equation to predict tree volume (V )f rom tree diameter (D) for tree i:
Then, representing the vector of coefficients as
Hotelling's T 2 between twospecies i and j can be defined as
where S −1 is the combined covariance matrix of regression coefficients for species i and j.B ycalculating all possible combinations a symmetric matrix with zero diagonal elements can be formed. Principal coordinate analysis (Gower 1966 ) was used to group species on the basis of this matrix. Leech et al. (1991) concluded that the technique should only be used when the order of the polynomial and the sign of the highest term were the same for each of the twoi ndividual species equations. The method was also computationally intensive.
Va nclay (1991a) devised an objective means to aggregate 237 species into 41 groups to enable efficient estimation of diameter increment functions for a growth model of tropical rainforest in north Queensland.
His approach involved:
• Ranking species in order of increasing number of observations.
• Assigning the species of highest rank the founding species of group 1.
• Foreach species in decreasing order of rank, conducting pairwise F-tests with all founding species of higher rank. If the incoming species was significantly different (p<0.01) from all existing founding species, it became the founding species of a newg roup. Species not significantly different from all founding species remained ungrouped.
• After identifying all founding species, those species remaining ungrouped were compared, in order of rank, with all existing groups, and grouped with the most similar group. Similarity was determined as that grouping which lead to the smallest increase in residual sum squares when the incoming species wasa malgamated with the group. These comparisons were made with the whole group, not just the founding species.
This approach overcomes manyo ft he difficulties associated with the alternativesd iscussed above,a nd is computationally efficient. Instead of a comparison of all possible pairs, initial comparisons are made between species with manyd ata, reliable parameter estimates and homogeneous variance. Species with fewdata are only later compared with one of these major groups. It also avoids Leech's et al. (1991) need to arbitrarily select a subset of the more numerous species to define the groups. This selection is by no means intuitive asi nV anclay's( 1991a) study the species ranked 186 with only 13 observations initiated a newg roup. This approach provided an objective basis for aggregating species, but there is, unfortunately, no guarantee that the outcome is optimal. However, itprovided an efficient, objective and repeatable means to combine manys pecies into a manageable number of groups for modelling the diameter increment of tropical rainforests. Va nclay (1991b) also used a variation on this approach to aggregate species to predict mortality using logistic equations fitted by maximum likelihood estimation and compared using the Va nclay,Page 11 likelihood ratio test.
Explanatory Variables
Because the model is to be used for projecting operational inventory data for yield predictions, all driving variables should be readily obtainable in routine resource assessment. Basic stand variables such as site quality and stand basal area are obvious candidates for explanatory variables. The presence of the species in the existing stand should also be an important variable. However, itisnot necessary that a species exist in or near a stand for regeneration to occur.M anyr ainforest species have efficient means of dispersal (Stocker 1983) , and occurrence in the immediate vicinity is not a prerequisite for regeneration of all species. Stand basal area and the presence or relative abundance of the species were used to aggregate species into groups, but additional variables were considered for the final group equations.
Manyo ft he plots used in the present study were logged or silviculturally treated, and the time since such disturbance may provide a useful explanatory variable. Analyses indicated that time since last logged explained little of the variation observed in the data, but that time since the last silvicultural treatment offered greater potential. Unfortunately,t ime since treatment was highly correlated with stand basal area and both variables could not be used in fitting models to the data without causing instability in the estimated parameters. Stand basal area was preferred as an explanatory variable, particularly as silvicultural treatment was applied mainly in experiments and fewareas were treated operationally.
Other species were also screened as possible indicators of favourable or unfavourable conditions for recruitment. Such species need not have a direct antagonistic or synergistic effect on the developing regeneration, but may merely indicate suitable stand conditions not reflected in the basic stand variables.
Candidates for such indicator species were selected both subjectively using ecological principles, and empirically using an comprehensive screening process. Subjective selection identified groups of species indicative ofe nvironmental conditions. Thus palms were chosen as indicators of moist sites and sclerophyllous species (Acacia, Casuarina, Eucalyptus, Melaleuca spp.) were chosen as indicative of marginal rainforest sites. Other species including Agathis species, Backhousia bancroftii and Blepharocarya involucrigera may dominate some rainforest stands and were also considered as potential indicator species.
Empirical screening of species for possible indicators involved the compilation of a correlation matrix for all species in the data, showing the correlation between occurrence in the existing stand and occurrence of recruitment. The amount of recruitment was not considered as, givent hat recruitment is known to occur, the amount is determined largely by stand basal area and site quality,a nd additional variables contribute little more to the model. The correlation matrix indicated a large number of species pairs with significant correlations. Twenty fives pecies, some having the greatest number of significant entries, and some the highest correlations, were selected for further screening using regression analysis. Manyo ft hese species were highly correlated with basic stand variables (e.g. pioneer and gap colonizing species indicate low basal area), and were not significant when included in regression analyses with stand variables such as stand basal area and site quality.E ight species were found to be significant in twoo rm ore logistic regressions of recruitment occurrence on basal area, site quality and species occurrence, and these were used as indicator species in further analyses.
Results

Probability of Recruitment
Preliminary analyses for several species with manydata suggested that most of the variation in occurrence could be explained by stand basal area, and the presence or absence of that species in the stand. Thus these twov ariables were used as explanatory variables in comparing species for aggregation. Comparisons used Va nclay's(1991b) method (pairwise likelihood ratio tests ∼ χ 2 )and the model:
where P is the annual probability of recruitment for that species, BA is stand basal area (all stems 10+ cm where P, BA and PRES are as defined above,and TR is the treatment response (TR = te t/9 where t is years since last silvicultural treatment), and SOIL is a binary variable which takes the value 1 on soils derived from basic volcanic and coarse granite parent materials, and zero otherwise. The treatment response term (TR)provides for a maximum response nine years after silvicultural treatment. The analysis was weighted by the inverse of the time interval to account for the differing re-measurement intervals and provide annual probabilities of recruitment.
Some of the parameter estimates in Table 1 are not significant at the usual levels of significance, but have been retained in the model provided that the sign and magnitude of the estimate is consistent with parameters for other species groups, and that parameter estimates for at least one species group were significant at the usual levels. The parameter estimates for β 3 Log(BA)were associated with large standard error estimates, but collectively were significant (likelihood ratio test statistic χ 2 = 14 on 5 d.f., P = 0. 016), and provided a more realistic response. The inclusion in the model of both the terms BA and Log(BA)
ensures a lowp robability of recruitment for lows tand basal area consistent with the available data (Table   3) , and predicts a maxima within the range of the data used in the present study (Figure 2 ).
Amount of Recruitment
As ubset of the database comprising 4586 records provided estimates of the amount of recruitment given that it was known to occur.P reliminary analyses of the more abundant species indicated that stand basal area and relative abundance of the species in the (10+ cm d.b.h.) stand explained most of the variation.
The curvilinear response provided by the logarithmic transformation of relative abundance gav e as lightly better fit than a linear model, and ensured more conservative extrapolations for the several species for which the present data spanned only a small part of the possible range of values. Species were aggregated using Vanclay's(1991a) methodology (pairwise F-tests) and the equation:
where N is the number (trees/ha/yr) of recruits (at 10 cm d.b.h.), BA is the stand basal area (m 2 /ha)a nd RNO is the relative number (0 ≤ RNO ≤ 1) of that species in the (10+cm d.b.h.) stand.
This analysis indicated eight species groups. Following grouping, the inclusion of additional explanatory variables was investigated. Site quality and soil type were significant, and the final model was:
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where N , BA and RNO are as previously defined, SQ is site quality estimated using Vanclay's( 1989b) growth index, and SOIL is a binary (0,1) variable which takes the value 1 on alluvial and fine-grained (''Tully'') granite soils and zero elsewhere. Parameter estimates are giveninT able 2 and the relationship is illustrated in Figure 2 . No indicator species contributed significantly to this relationship. Some parameters in Table 2 are not statistically significant (i.e. P>0.05), but were retained in the model provided that the corresponding term was significant (P<0.001) for other species groups, and that the sign and magnitude of the parameter estimate were logical and comparable to those of other groups.
Analysis of the present data has been complicated by the different plot sizes and re-measurement intervals.
To provide a consistent basis for analysis, probabilities of recruitment have been adjusted to annual probabilities by weighting by the inverse of measure interval, and amounts of recruitment have been standardized to stems/hectare/annum. However, this results in a double correction which underestimates the expected recruitment. Thus the parameters β 0 in Table 2 have been adjusted to provide unbiased estimates of recruitment (Table 3 ). Figure 3 illustrates these relationships.
Discussion
Checking Predictions
One of the best ways to gauge the quality of a model is to compare model predictions with rawd ata; both with the data used in fitting the model and with independent data. Such comparisons are especially important in multi-stage models such as the present one. Table 3 contrasts predictions with the rawd ata used in fitting the model. Comparisons with independent data will be made in another paper. Table 3 indicates the total recruitment observed (stems/ha) (O) and the recruitment predicted by the model (P) (i.e. Probability × Amount × Years). There is generally a good correspondence, except for twoc ells.
Species group 2-2 with 80 sq m/ha basal area indicates a big discrepancyd ue to the recruitment of 731 stems/hectare on one plot (0.04 ha) during a single interval (5.8 years). Although anomalous, there seemed no good reason to reject this datum. Another discrepancyo ccurred for species group 2-5 with 4 sq m/ha basal area for which large amounts of recruitment were predicted but none were observed on a single plot overt wo consecutive time periods. This discrepancyo ccurred for an enrichment planting study in which natural regeneration was cut to enhance the growth of the planted trees (not included in the present data).
The predictions give a reasonable indication of the recruitment which might have eventuated in the absence Va nclay,Page 15 of this treatment. Since no recruitment was observed, these twodata were used only in fitting the model for probability of recruitment, and not in fitting the model for amount of recruitment. Apart from these two major discrepancies, predictions seemed reasonable (Table 3 & Figure 4 ).
Correlation of groupings
This study has employed twoi ndependent grouping strategies. Table 4 demonstrates that this was in fact necessary.T here is no evidence of anyc orrelation between the twog roupings (Expected non-empty cells=25, actual=22, χ Table 4 which cannot be collapsed without amalgamating some of these species into a single group. Similarly,there is no evidence that the groupings for the prediction of diameter increment (Vanclay 1991a) or for mortality (Vanclay 1991b) are indicative ofrecruitment pattern.
Implementation
Application of the model requires an estimate of the presence and relative abundance of each species in the stand. This poses no problem for short term predictions, but offers twoa lternativesf or long term simulations. Should the presence and abundance relate to the composition of the original inventory data, or to the current composition of the simulated stand? Composition of natural stands may vary considerably overt ime. Flushes of pioneer species following disturbance may be short-lived, and the turnover-rate of species may be high eveninundisturbed stands (e.g. Poore 1968 ). However, itisimpossible that predicted recruitment would always be correct, and using simulated composition could further bias predictions.
Conversely,i fi nv entory were collected soon after disturbance, theym ay include some pioneer species which would not be expected to persist long in the stand. Thus the best compromise may be to use the relative abundance of species in the original stand, conditional that the species remains in the simulated stand. This solution is intuitive,cautious and seems to give good results.
Conclusion
The two-stage approach is suited to modelling recruitment of the manys pecies in the tropical forests of north Queensland. The first stage predicts the probability of the occurrence of anyr ecruitment from stand basal area and the presence of that species in the existing stand. These probabilities can be implemented stochastically,ordeterministically by summing for each species until unity is reached, recruitment initiated and the accumulated probability reset. The second stage indicates the expected amount of recruitment,
giventhat it is known to occur,and employs stand basal area, the relative number of trees of that species in the stand, and site quality.T his approach is easily implemented and provides good results.
The following list indicates the affinities of species included in the present study.T he list indicates the H&M code, botanical and common names, and the group to which the species has been assigned for the prediction of probability and amount of recruitment. Ad agger ( †) following the group identity indicates that the species was the founding species for the group. The amount of data used in the present study is also indicated, both as the number of occasions on which recruitment was recorded, and the total amount of recruitment observed on all occasions (stems/ha). Some species are denoted with a dash (-) which indicates that the species shares the same H&M code as another species, and data for the twos pecies has been amalgamated.
The species groups reflect similarity of recruitment patterns, and do not necessarily have any other ecological significance. The group numbering reflects the amount of data available for the founding species of the group, and in no way implies anycommercial or silvicultural preference. In the interests of brevity, some varieties and subspecies have been omitted from this list. The species presented are those actually represented in the data. Some H&M codes are also applied to other species not present in the database. 
